Members (CRIS) measure consists of three scales measuring extent of, perceived limitations in, and satisfaction with community reintegration. Length of the CRIS may be a barrier to its widespread use. Using item response theory (IRT) and computer-adaptive test (CAT) methodologies, this study developed and evaluated a briefer community reintegration measure called the CRIS-CAT. Large item banks for each CRIS scale were constructed. A convenience sample of 517 Veterans responded to all items. Exploratory and confirmatory factor analyses (CFAs) were used to identify the dimensionality within each domain, and IRT methods were used to calibrate items. Accuracy and precision of CATs of different lengths were compared with the full-item bank, and data were examined for differential item functioning (DIF). CFAs supported unidimensionality of scales. Acceptable item fit statistics were found for final models. Accuracy of 10-, 15-, 20-, and variableitem CATs for all three scales was 0.88 or above. CAT precision increased with number of items administered and decreased at the upper ranges of each scale. Three items exhibited moderate DIF by sex. The CRIS-CAT demonstrated promising measurement properties and is recommended for use in community reintegration assessment.
INTRODUCTION
Over the past decade, more than 2 million U.S. servicemembers have deployed to Iraq and Afghanistan (Operation Iraqi Freedom/Operation Enduring Freedom [OIF/OEF]). Studies of OIF/OEF Veterans report a high prevalence of problems related to posttraumatic stress disorder (PTSD), anxiety, major depression, and mild traumatic brain injury [1] [2] [3] [4] , which can pose substantial challenges to community reintegration. Helping our newest cohort of combat Veterans adjust to life at home and in the community and return to healthy participation in major social life roles is a priority.
The early identification and prevention of problems in the community reintegration of combat-deployed Veterans and the evaluation of clinical interventions to promote healthy social role functioning require accurate assessment and monitoring of community reintegration.
Although numerous instruments that measure aspects of community reintegration exist, they lack demonstrated validity for use with OIF/OEF Veterans. There is currently no accepted gold standard measure against which a Veteran community reintegration measure can be compared and no universal agreement on the most meaningful content areas for assessing community reintegration of Veterans. To address this gap, we developed a new Veteran-centric measure of community reintegration, the Community Reintegration of Injured Service Members (CRIS).
The CRIS measure was designed to assess the construct of participation as defined by the World Health Organization's International Classification of Health and Functioning (ICF) [5] [6] , which we consider synonymous with community reintegration. Using the domain of Participation as defined by the ICF approach to characterize community reintegration is consistent with recent recommendations of the Department of Veterans Affairs' (VA's) State of the Science Working Group on Community Reintegration [7] . The development work for the original version of the CRIS was conducted in a three-stage process designed to maximize content validity for use with Veterans. In the exploratory stage, dimensions of and challenges in community reintegration were identified through a qualitative study of injured servicemembers, caregivers, and clinicians. Veterans and caregivers discussed challenges in daily life; mobility; activities at home in the neighborhood and community; and family, social, and work life. Clinicians discussed the common challenges they had observed in their OIF/OEF patients. We used a directed approach to content analysis [8] to code the data by using the ICF domains of Activities and Participation. Because the CRIS was intended to measure the concept of participation, not activity as defined by the ICF, we coded all challenges relating to complex tasks and/or societal involvement. We included complex activities that might be undertaken alone and not with others, such as eating, thinking, and traveling, as aspects of role participation.
Items addressing each problem area identified in the qualitative data were generated to form the initial CRIS item pool, drawing from and adapting questions from existing measures based on our review of the literature. When necessary, we developed new items following two guidelines. First, for each problem, separate items were written for each of three dimensions: extent, perceived limitations, and satisfaction. Second, all questions were phrased to facilitate comprehension by assessing current life situation, with no comparison to life before injury or to other persons without injury or who had not been deployed. In addition, questions were framed in the present or within the last 2 weeks to minimize recall bias.
The CRIS instrument was further revised in the confirmatory stage, during which a multidisciplinary group of clinicians (including primary care and polytrauma physicians, physical and occupational therapists, recreational therapist, and psychologists) reviewed the item set and provided comments on the wording, content, and importance. Finally, we conducted cognitive-based interviews with seven OIF/OEF Veterans that involved asking respondents to "think out loud" as they answered questions. Respondents were asked to talk about their response process, including their comprehension of the item, their ability to recall the answer, and their strategy of retrieving information related to the question [9] . Further refinements in the wording of CRIS items were made based on cognitive testing.
Following these revisions, we conducted two pilot studies to examine unidimensionality, internal consistency, reliability, concurrent validity, and construct validity. Following the first pilot study, we revised all misfit items and added items to address the higher and lower ends of participation. We performed cognitive-based testing on new items with a sample of six Veterans recruited from the Providence VA Medical Center (PVAMC). We then conducted a second pilot study of the psychometrics of the CRIS. These analyses found that the scales constructed from the original item sets were unidimensional, with Rasch models predicting the majority of variance in the data for each scale (95-item Extent = 0.53, 107-item Perceived Limitations = 85.2, 85-item Satisfaction = 73.3).
The CRIS fixed-form measure was developed from the full CRIS scale item sets to provide a briefer alternative to administration of the entire CRIS item set. The fixed-form CRIS includes 151 items within three separate subscales. Each subscale contains items from the 9 Activity and Participation content domains as defined by the ICF and includes items related to negative as well as positive aspects of community reintegration [10] . In developing the fixed-form measure, we included items that had good reliability and represented important content areas identified in formative research as well as a broad spectrum of item difficulty as calculated by the preliminary item response theory (IRT) analysis. Preliminary analyses confirmed the concurrent and construct validity of the fixed-form scales. Additional details regarding the development and pilot testing of the original CRIS and CRIS fixed-form measure can be found elsewhere [10] .
We believe that the CRIS measure is unique as compared with other community reintegration scales in that it is based on the conceptual foundation of the ICF and contains separate scales, each measuring a different aspect of community reintegration. The CRIS scales can be used singly or in combination, chosen to best match the purpose of data collection. The CRIS Extent scale measures extent/frequency, which is an important aspect of assessment of community reintegration. However, assessment of frequency and amount of activity does not consider individual preferences, personal choices, life stages, and values. The assessment of subjective aspects, such as perceived limitations and satisfaction, add depth to the assessment of community reintegration.
The original CRIS scales are lengthy, and the three fixed-form scales developed from the item set, though briefer, take approximately 30 minutes to administer [10] , rendering its administration impractical in busy clinical and research settings. Thus, the purpose of this study was to utilize contemporary measurement methods to develop a computer-adaptive test (CAT) version of the CRIS, the CRIS-CAT, that would allow accurate and precise measurement of community reintegration with reduced respondent burden. The goal is a briefer outcome instrument that would be an alternative to the fixed-form CRIS for use by research and policy makers, as well as a valuable addition to the clinical information collected for and available to clinicians.
METHODS

Selection and Description of Participants
Subjects were English-speaking men and women, ages 18-59, stratified by expected level of community reintegration to ensure a range of degree of community reintegration in the sample. Group 1 subjects were non-OIF/OEF Veterans with stable housing, steady employment, and negative screens for depression, PTSD, and substance abuse history; group 2 subjects were non-OIF/ OEF Veterans who were homeless or at risk for homelessness because of insecure housing and/or chronic unemployment; and group 3 subjects were Veterans of the OEF or OIF conflicts. Subjects were recruited from the primary care and PTSD services of the PVAMC; through community and military reserve sites in Rhode Island, southeastern Massachusetts, and nearby Connecticut; and through homeless shelters in the region.
Data Collection
The CRIS-CAT items were administered by trained interviewers using computer-assisted personal interviews (CAPI). The CAPI system had standard protections against entering out-of-range values and allowed direct data downloading into a central database. Demographic information (age, sex, ethnicity, race, education, living status, and housing status) was collected for each subject. After obtaining informed consent from each subject, the interviewer read the standardized CRIS instructions from a script and showed the subject the choice of response categories. Subjects indicated their chosen responses, which were documented by the interviewer.
DATA ANALYSIS
Factor Analysis
Both IRT and CAT systems assume that all items in a scale measure a single, unitary concept, often referred to as assumptions of unidimensionality and local independence [11] [12] [13] . Item sets that violate these assumptions may be less effective in achieving appropriate modeling of the data and may limit the accuracy of a CAT instrument. The dimensionality of responses to the CRIS item pool within each scale was evaluated using exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). Because the items were polytomous, we used a weighted least squares method with mean and variance correction estimator based on a polychoric correlation matrix, which is more precise when analyzing moderatesized samples with skewed categorical data [14] [15] . Three initial EFAs and three initial unidimensional CFAs were conducted with items in each of the three CRIS scales, respectively: Extent (N = 123 items), Perceived Limitations (N = 172 items) and Satisfaction (N = 124 items). Example items in each CRIS scale are displayed in Table 1 .
In the EFA analysis, the factor loadings, eigenvalues, and percentage of variance explained by the first factor were used to assess unidimensionality. In the unidimensional CFA analysis, the model fit was assessed by multiple fit indexes, including comparative fit index (CFI), TuckerLewis Index (TLI), root mean square error approximation (RMSEA), and residual correlations. CFI and TLI values range from 0 to 1 and values of 0.90 or higher suggest acceptable fit; RMSEA values less than 0.08 mean acceptable fit. Both EFA and CFA were conducted using the MPlus software (Muthen & Muthen; Los Angeles, California) [16] . Local independence was evaluated by inspecting the residual correlations between items, also using MPlus software [16] . Items with residual correlations greater than 0.2 were considered to show local dependence [17] [18] [19] .
Item Response Theory Analysis
Given our relatively small sample size for IRT analyses, the one-parameter Rasch partial-credit model [20] was used as the IRT-based methodology for all three scales. In the application of IRT models, the item parameters have to be calculated or estimated, a procedure referred to as calibration. The item parameters and fit statistics in this study were calculated for each scale using WINSTEPS (Chicago, Illinois) [21] , which is based on joint maximum likelihood estimation. The item fit statistics for each item are based on the comparison of expected and observed values. The infit mean square (also referred to as the weighted mean square) is derived from the squared standardized residuals for each item/ person interaction. The infit mean squares are weighted by their individual variance to minimize the impact of unexpected responses far from the measure. Items demonstrating more variation than predicted by the model can be considered as not conforming to the unidimensionality requirement of the Rasch model. Values between 0.5 and 1.5 indicate productive measurement [21] . To evaluate breadth of coverage in each scale, we calculated item category parameter distributions for each item bank compared with the sample distribution.
The item responses should only depend on the subject's ability level and the statistical characteristics of the item. Significant differential item functioning (DIF) indicates that variables other than the subject's ability level are influencing the item response. We used ordinal logistic regression models to assess DIF across age, sex, education, and race. Based on Jodoin and Gierl's approach [22] , we used R-square change to classify DIF. An Rsquare change less than 0.035 indicated no DIF, a value between 0.035 and 0.07 indicated moderate DIF, and a value greater than 0.07 indicated large DIF.
Computer-Adaptive Test Analysis
We examined the accuracy of CAT algorithms for the three CRIS-CAT scales (Extent, Perceived Limitations, and Satisfaction) by using real-data computer simulation methods. The simulation program, developed at Boston University, includes several item-selection methods, the option to set content balancing or not (in this simulation, we set the first nine items to be content balanced across subcontent domains), different score estimation algorithms (in this simulation, the weighted likelihood estimation was used), and several stopping rules (such as fixed minimum and maximum number of items, the level of score precision or both). We used a real-data simulation approach for investigating the merits of CAT. The scales score estimates were based on the complete set of all actual item responses in 
7-point Happiness How satisfied were you with the way you protected yourself from harm?
7-point Happiness How satisfied were you with your ability to prepare meals?
7-point Happiness each domain (called the IRT criterion score); this served as the criterion standard against which scores from the CRIS-CAT were compared. As items were selected for administration in the simulation, responses were taken from the actual data set. After each response, we estimated a score based on all administered items to that point in the simulation and calculated the associated standard error. The selection of the next item was based on the item that could provide the most information at the estimated score. We established specific stop-rules based on the number of items in the CAT (5, 10, 15, or 20 items). We also set the stopping as a minimum of 10 items, maximum of 20 items, and reliability of 0.9. These simulated scores were compared with the criterion standard using intraclass correlation coefficient (3,1).
To evaluate the precision of the CAT score, we calculated and compared standard errors associated with each subject's score for the 5-, 10-, 15-, and 20-item CATs and the varied number of items CAT with full item bank.
RESULTS
The sample consisted of 517 Veterans: 69 in group 1 (those with better community reintegration), 99 in group 2 (homeless Veterans), and 332 in group 3 (OIF/OEF Veterans). An additional 17 Veterans were screened into one of the above groups but, on inspection of their data, were found not to meet inclusion criteria for any of these groups. The characteristics of subjects in our 517-person sample are shown in Table 2 .
In the initial EFA run for the Extent, Satisfaction, and Perceived Limitations scales, 9 out of the 123 items in the Extent scale, 1 out of the 124 items in the Satisfaction scale, and 2 out of the 172 items in the Perceived Limitations scale had very low factor loadings of less than 0.2 when only one factor was extracted. These items were removed from further analysis. In the initial CFA run for the scales, 37 items in the Extent scale, 35 items in the Satisfaction scale, and 20 items in the Perceived Limitations scale showed local dependence with residual correlations greater than 0.2. These items were also removed from further analysis.
In the EFA of the remaining items of the three scales (77 items in Extent scale, 88 items in Satisfaction scale, and 150 items in Perceived Limitations scale), the first factor explained from 33 percent to about 53 percent of the total variance and the ratio between the eigenvalue of the Table 2 . Characteristics of sample (N = 517).
Characteristic
Mean  SD, Range Table 3 . Acceptable item fit statistics were found for the three scales in the IRT analysis. Some misfit was demonstrated by 2 out of the 77 Extent items, 5 out of the 88 Satisfaction items, and 9 out of the 150 Perceived Limitations items. However, the 2 misfitting Extent items, 3 of the 5 misfitting Satisfaction items, and 3 of the 9 misfitting Perceived Limitations items were kept after expert review because of the importance of their contents. So the final item pool contained 77 items in the Extent scale, 86 items in the Satisfaction scale, and 144 items in the Perceived Limitations scale. The calibration results are summarized in the Appendix (available online only).
No items showed DIF in the age, education, or race variables across the three scales. For sex, two items (How often did you spend quality time with your children? and How often did you avoid going out alone after dark?) showed moderate DIF in the Extent scale and one item (I avoided going out alone after dark.) showed moderate DIF in the Perceived Limitations scale. Table 4 displays the accuracy correlations for CATs of variable sizes with the overall item pools for each content scale of the CRIS-CAT instrument. Accuracy of the variable-item CATs for all three scales was 0.88 or above. For the variable size CAT, the accuracy coefficient was 0.93 for the Extent scale and 0.95 for the other two scales. Figure ((a)-(c) ) displays the precision of the CRISCATs of different sizes in units of standard error of the measure as compared with the item pools. As expected, the precision of the item pools exceeded that of the CATs and the CAT precision increased with the number of items administered. Precision decreased at the upper ranges of the continuum of each CRIS-CAT content scale.
We examined the distribution of items in each content item pool to see how it matched the score distribution in the study sample. For all three content scales, a large degree of overlap existed between the item category distribution and the sample score distribution. In the Satisfaction scale, few items were at the higher end of the continuum where there were some scores in this sample. A better match existed between sample and item distributions in the other two scales. CFA = confirmatory factor analysis, CFI = comparative fit index, EFA = exploratory factor analysis, RMSEA = root mean square error approximation, TLI = Tucker-Lewis Index. Table 4 . Accuracy (confidence interval) of different size computer-adaptive tests (CATs) for each Community Reintegration of Injured Service Members (CRIS) scale. 
CRIS
DISCUSSION
Caring for complex patients within the limitations of brief treatment visits is a challenge for busy providers because acute symptoms and concerns tend to "crowd out" less urgent needs. Presently, neither the VA's nor the Department of Defense's electronic medical record contains standardized data elements related to community reintegration. Monitoring Veteran community reintegration following deployment is critically important for public health. To date, only one validated instrument, the CRIS, has been developed to measure Veteran community reintegration. However, its length may diminish the feasibility of its widespread implementation. To overcome this limitation, we used contemporary measurement methods to develop a CAT version of the CRIS, called the CRIS-CAT.
The results of our analyses confirmed three distinct unidimensional domains of community reintegration (Extent, Perceived Limitations, and Satisfaction) included in the CRIS and revealed that all three CRIS-CAT scales performed well in our sample of Veterans. The results of this study indicate that the 10-item CATs for Perceived Limitations and Satisfaction and the 20-item CAT for Extent will maximize psychometric properties with minimal time (estimated 10 minutes) needed for data collection. Use of the CRIS-CAT instead of a fixed-form measure of community reintegration will reduce barriers to routine data collection, making collection of this outcome measure more feasible to implement.
We observed a large number of items in the lower end of the continuum of the Extent scale as compared with the number of low scores in our sample. This may be due to the nature of our sample, most of which was recruited from outpatient healthcare services and/or community locations and workplaces. Thus, we expected that overall our sample would evidence higher scores in the frequency of their participation in activities as compared with those who were more severely injured as a result of polytraumatic injuries, homebound, or receiving inpatient care. We attempted to capture the lower range of community reintegration scores by including a subsample of persons who were homeless or at-risk of becoming homeless because of chronic unemployment. This group of Veterans did have lower scores on all CRIS-CAT scales. Further research is needed to examine the itemperson fit for the Extent scale in a sample that is expected to be more severely impacted. We also observed few items at the higher end of the Satisfaction scale, suggesting a need to develop additional items at the higher end, to minimize potential ceiling effects.
Our analyses revealed moderate DIF by sex in three items. These items related to going out alone after dark and spending quality time with children. These items might function differently by sex. However, our finding needs to be verified using another data set. If this finding persists, we might consider calibrating those items separately by sex. Because of limitations of our current sample size, we are unable to do this and will continue to monitor these items in the CAT performance.
We recognize that clinicians and researchers may wish to compare scores of the CRIS-CAT with scores from the original fixed-form CRIS instrument. Because the CRIS-CAT summary score is the appropriate statistic generated by the Rasch model, we used the weighted likelihood estimation method to create the equivalent CRIS fixed-form summary score based on the CRIS-CAT scores. These equivalent scores are roughly comparable, though not identical, and the calculations are available from the authors by request.
When we examined the comparability of items in the CRIS-CAT scales and the CRIS fixed-form scales, we found that 10 items in the CRIS fixed-form Extent scale, 6 items in the Perceived Limitations scale, and 5 items in the Satisfaction scale were omitted from the CRIS-CAT scale item pool. This loss of items may be attributable to the differences in data analyzed for each study. The preliminary studies' small sample sizes resulted in missing data on numerous items (particularly those related to parenting and employment). Thus, many items from the original CRIS item pool were not included in the preliminary Rasch models. The current study involved a much larger sample and employed a more robust sampling strategy, recruiting a more heterogeneous population that included Veterans from the community (rather than from a single medical center). Therefore, the final Rasch models that we developed for the CRIS-CAT scales included more items from the CRIS item pool (not simply those in the scales identified in preliminary research). Thus, it is not surprising that some differences existed in item content of the CRIS scales identified in this research and the preliminary research. These differences suggest that direct comparison of CRIS fixed-form and CRIS-CAT scores should be made using our transformations.
One limitation of our analyses is that our conclusions are based on real-data simulations, which assume that respondents would answer the subset of items selected using CAT in an identical manner to the answers they would provide when responding to those items embedded in the larger item site. Though they are considered good approximations, data simulations like these are not perfect simulations of actual CAT administration and may overestimate these correlations [23] . Future research is needed to examine the accuracy of the CRIS-CAT and assess the administrative burden of implementing the CRIS-CAT in prospective studies.
Further research is needed to examine the CRIS-CAT utility in non-Veterans with mental health conditions and those who have experienced physical and psychological trauma.
CONCLUSIONS
We used the CRIS item pool to develop and evaluate a brief community reintegration measure by using IRT and CAT methodologies. The CRIS-CAT demonstrated promising measurement properties. Acceptable item fit statistics were found for final models. Accuracy of 10-, 15-, 20-, and variable-item CATs for all three scales was 0.88 or above. CAT precision increased with the number of items administered and decreased at the upper ranges of each scale. Three items exhibited moderate DIF by sex.
The strong conceptual basis for this CRIS-CAT scale combined with its ability to produce precise estimates with minimal respondent burden (approximately 10 minutes) make it a strong candidate for measurement of community reintegration of Veterans and a briefer alternative to the CRIS fixed-form measure.
We believe that routine assessment of community reintegration would enhance patient assessment and targeting of referrals to services such as mental health, social services, and Veterans Health Administration benefit programs, as well as inform primary care and other interventions that address underlying factors related to poor community reintegration. The CRIS-CAT would be an appropriate outcome measure for use by rehabilitation disciplines treating patients with polytraumatic injury. 
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